Introduction
First reported in 2000, 1 the family of trans-(k 2 -acac-O,O) 2 Ir(R)(L) (acac = acetylacetonato, R = hydrocarbyl, L = dative ligand) Odonor complexes have been shown to be capable of activating C-H bonds and catalyze the selective, anti-Markovnikov hydroarylation of unactivated olefins with arenes.
2 These complexes are relatively simple to synthesize and remarkably, likely due to unique properties imparted by O-donor ligands, solutions are thermally stable to air and basic as well as acidic media. Mechanistic studies show that these trans bis-acac-O,O Ir(III) complexes are catalyst precursors and that the active catalysts are generated by loss of L, followed by rate determining trans to cis isomerization to generate coordinatively unsaturated, five-coordinate pseudo square pyramidal complexes with the four O's of the two acac-O,O ligands in a meridional geometry that places the R group cis to an open site. 3 In an effort to design more active catalysts with similar reactivity and stability we sought to explore related metal complexes with tetradentate O-donor ligands that were already locked into meridional geometry. Recently, tetradentate diaminebis(phenols) {NN¢O 2 } that enforce a meridional geometry with Ti and Zr have emerged as alternative ligands in developing new catalysts for polymerization of a-olefins 4 and as sulfoxidation catalysts with V. 5 In order to test whether replacing the bis-acac-O,O motifs with these ligand could lead to more efficient C-H activation and olefin arylation chemistry we synthesized several new rhodium complexes, Rh(NN¢O 2 )(R)(L). In this contribution we report the synthesis, structure, and reactivity of these new complexes towards arenes. Fig. 1 . These complexes were readily crystallized from a mixture of CH 3 OH-CHCl 3 (1 : 1) at -30 • C, which were then analyzed by X-ray crystallography (see supporting information for the metric parameters for complexes 2a-2c †). The geometry around the Rh center for all three complexes can be described as a distorted octahedral and the ORTEP drawing of the molecular structures of 2a, 2b, and 2c are presented in Fig. 2 . As can be seen the tetradentate NN¢O 2 spectator ligands enforce a meridional geometry in these complexes that afford the required cis-geometry for the other two sites where reaction could occur.
Results and discussion
The structures for 2a, 2b, and 2c in the solid state are consistent with solution NMR data with a trans-O,O for 2a, with trans- Moreover, as expected, the calculations suggest that the methyl analogues 2b and 2c do not show any preferences on the basis of sterics in either cis or trans-O,O coordination. However, trans2c exhibits substantial angle strain in the Rh-N-CH 2 -C N-Rh metallacycle, as the coordination of the two phenolates trans to each other "push" the metallacycle into a planar configuration. This is not a problem in trans-2b, with a more flexible side arm as compared to complex 2c.
Thus, we can conclude that electronically, the trans-O,O coordination is favored by 3 kcal mol -1 . Making the N-C-C-N bridge more rigid increases the energy of the trans-O,O coordination, causing cis-2c to be favored, while the introduction of sterics on the phenolates increases the energy of the cis-O,O coordination, thus favoring the trans-O,O coordination in 2a.
The Rh-N(1) distances vary from 2.019(7) to 2.040(2) Å in this set of compounds. While, the Rh-N(2) distances vary over much of this range for this series, 1.958(6) to 2.095(4) Å . In addition, the Rh-O distances vary together and are the same within error in complexes 2a-2c. The Rh-Cl distances are particularly sensitive to changes in ligands on Rh and, vary from 2.3475(13) to 2.3757(9) Å .
We were particularly interested in preparing Rh-Ar derivatives because of their importance as catalysts for C-H activation. Consequently, reaction of 2c with Ph 2 Hg in CH 2 Cl 2 -CH 3 OH (2 : 1) at room temperature afforded complex 3 as a yelloworange powder in 60% yield. PhLi, Ph 2 Zn and PhMgBr afforded complex reaction mixtures. Crystallization from CH 2 Cl 2 -hexane (1 : 1) yielded microcrystals of 3, which were analyzed by X-ray crystallography. The ORTEP drawing of the molecular structure of 3 is presented in Fig. 3 . The solution NMR data and the solid state structure for 3 closely resembles 2c, with the only notable difference being the expected replacement of the chloride with a phenyl group. As expected on the basis of analogues studies with the chloro acac-O,O Ir(III) complexes, (acac-O,O) 2 Ir(L)Cl, the chloro complexes 2a-2c, were found to be inactive for C-H activation and decompose at temperatures above 160
• C. However, the phenyl analogue of the chloro complex 2c, complex 3, was found to catalyze H/D scrambling of a C 6 H 6 /C 6 D 6 mixture. Computational and experimental studies of the reaction mechanisms, activation barriers and efforts to design complexes for C-H activation with alternative ancillary ligands are in progress.
Conclusions
In summary we have reported a series of Rh(NN¢O 2 ) complexes. The NN¢O 2 ligand framework is readily accessed and has proven useful in C-H activation reactions. A variety of rhodium complexes are synthesized with this tetradentate ancillary ligand. Unlike complex 3, the isolated complexes 2a-2c are inactive for C-H activation. It is hoped that these complexes and derivatives may provide a new, general class of reactive complexes for C-H activation.
Experimental General considerations
All manipulations of air sensitive materials were carried out in an MBraun glove box or using standard Schlenk techniques under an atmosphere of purified argon. Ethereal solvents, pentane, and toluene were purchased from Aldrich Chemical Co. or EMD and purified through alumina columns to remove water after sparging with argon to remove oxygen. NMR solvents were purchased from Cambridge Isotopes Laboratories, Inc. and degassed prior to use. NMR spectra were taken on Bruker instruments located in the Chemistry Department at The Scripps Research Institute, Florida. All chemical shifts are reported in units of ppm and referenced to the residual protonated solvent. The 13 C NMR assignments are based on decoupled 13 C, peak heights for overlapping signals, and DEPT experiments. All spectra were recorded at 23
• C. Combustion analyses were performed by facilities at Columbia Analytical Services, Tucson, Arizona. Multiple runs for the elemental analysis of complexes 2a, 2c and 3 did not afford reliable results, due to relatively labile solvent ligands. ESI-MS experiments were performed by facilities at the University of Illinois. Celite was dried at a temperature > 220
• C under dynamic vacuum for at least 24 h, then stored under argon. RhCl 3 ·(H 2 O) 3 was purchased from Pressure Chemical Co. and used without purification. All highresolution mass spectra were obtained by UCLA Pasarow Mass Spectrometry Laboratory on either an ESI or a MALDI-TOF mass spectrometer.
Synthesis of Rh(N py N¢O 2 tBu )(Cl)(CH 3 OH) (2a).
A 50 mL Schlenk bomb was loaded with RhCl 3 ·(H 2 O) 3 (230 mg, 0.89 mmol) in water (5 mL). To this was added a solution of H 2 N py N¢O 2 tBu (485 mg, 0.89 mmol, 1 equiv.) in acetone (10 mL). The reaction mixture was heated at 80 • C for 5 min to afford a homogeneous orange solution. After 5 min, NaHCO 3 (150 mg, 1.78 mmol) was added to the reaction mixture and the mixture heated at 80
• C for 8 h. After 8 h, the reaction mixture was filtered through Celite, and the volatiles were removed in vacuo. The desired product was crystallized from a minimum amount of CH 3 OH-CH 2 Cl 2 (1 : 1) at -30
• C as light orange micro-crystals (414 mg, mmol, 72%). The NMR spectroscopic data are consistent with trans-isomer in CDCl 3 : CH 3 OH. 
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(423 mg, 1.19 mmol, 1 equiv.) in acetone (10 mL). The reaction mixture was heated at 80
• C for 5 min to afford a homogeneous orange solution. After 5 min, NaHCO 3 (200 mg, 2.38 mmol) was added to the reaction mixture and the mixture heated at 80
• C for 6 h. After 6 h, the reaction mixture was filtered through Celite, and the volatiles were removed in vacuo. The desired product was crystallized from a minimum amount of CH 3 OH-CH 2 Cl 2 (1 : 1) at -30
• C as orange-red micro-crystals (420 mg, mmol, 69% • C for 5 min to afford a homogeneous orange solution. After 5 min, NaHCO 3 (163 mg, 1.94 mmol) was added to the reaction mixture and the mixture heated at 80
• C for 5 h. After 5 h, the reaction mixture was filtered through Celite, and the volatiles were removed in vacuo. The desired product was crystallized from a minimum amount of CH 3 OH-CH 2 Cl 2 (1 : 1) at -30
• C as bright orange micro-crystals (360 mg, mmol, 70% 
